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Introduction
The deregulation of …nancial markets and the increase in cross-border capital ‡ows are widely believed to be an important factor behind the recently observed excess volatility of major currencies. A case in point is the US dollar, which was relatively stable in the 1970s but became highly volatile in the early 1980s. Gross cross-border portfolio (equity and bond) ‡ows were only 4% of GDP in 1975, but this percentage surged to 100% in the early 1990s and had reached 245% by 2000 (Hau and Rey, 2006 Ali et al., 2014) . In contrast, the present study examines their volatility linkages as well. For this purpose we use monthly bilateral data for the US vis-à-vis eight Asian developing and emerging countries, namely India, Indonesia, South Korea, Hong Kong, Thailand, Pakistan, the Philippines, and Taiwan over the period 1993:01-2012:11. This focus on emerging countries is another distinctive feature of our analysis: to the best of our knowledge, ours is the …rst empirical study investigating the impact of international equity and bond portfolio ‡ows on exchange rate dynamics for this group of countries. The existing literature provides plenty of evidence for the developed countries; examples of such studies are Brooks et al. (2004) for the US vis-a-vis the euro area and Japan; Hau and Rey (2006) for the US vis-a-vis 17 OECD countries; Siourounis (2004) for four developed economies (the UK, Japan, Germany, and Switzerland) vis-a-vis the US; Chaban (2009) for three oil-exporting countries (Canada, Australia, and New Zealand) vis-a-vis the US. The few papers considering instead developing and emerging countries include Kodongo and Ojah (2012) Our econometric framework is a time-varying transition probability Markov-switching speci…cation, which separates periods of high and low exchange rate volatility, and models the probabilistic structure of the transition from one regime to the next as a function of cross-border net equity and bond portfolio ‡ows. Therefore it allows both contemporaneous and future causal linkages to di¤er across periods of high and low volatility and examines the impact of equity and bond portfolio ‡ows for di¤erent states of a currency's volatility. Understanding the nonlinear nature of the relationship between cross-border portfolio ‡ows and exchange rate volatility is crucial for designing appropriate policies aimed at achieving economic and …nancial stability in di¤erent states of the economy. For instance, if higher equity and bond portfolio ‡ows move the exchange rate to a high volatility regime, standard monetary policy measures might not be su¢ cient and credit controls might be necessary to reduce in ‡ows and stabilise the foreign exchange market.
Multiple equilibria are a well-established feature of both exchange rates and their volatility. For example, Jeanne and Rose (2002) showed that the latter may di¤er between countries with a ‡oating regime, even if their macroeconomic fundamentals are similar, as a result of 'noise trading'. Self-ful…lling currency crises can also generate multiple equilibria for exchange rates and their volatility (see, e.g., Masson, 2000 and Chen, 2006) ; investors react di¤erently in di¤erent states of the market (see, e.g., Jeanne and Rose, 2002 and Lovcha and Perez-Laborda, 2013). There is now evidence that equity and bond portfolio ‡ows change with the degree of uncertainty of the foreign exchange market. For example, Fidora et al. (2007) found that exchange rate volatility is a key factor leading to bilateral portfolio home bias in a number of industrialised and emerging economies. Bayoumi (1990) concluded that net capital ‡ows as a percentage of GDP were much larger during the gold standard (1880-1913) than during the ‡oating exchange rate period ). Bacchetta and van Wincoop (2000) showed, in the context of a two-period general equilibrium model, that exchange rate uncertainty dampens net international capital ‡ows. Recent studies by Mishra (2011) and Caporale et al. (2015) also found evidence of a home bias for various countries. Batten and Vo (2010) and Daly and Vo (2013) reported instead that exchange rate volatility reduces equity home bias in Australia. In the emerging and developing countries, capital in ‡ows turned into out ‡ows following the Mexican crisis of 1994 and the Asian …nancial crisis of 1997-1998 (Baek, 2006) . Eichengreen and Mody (1998) found evidence that emerging bond markets are primarily driven by shifts in market sentiment rather than changes in economic fundamentals, whilst Baek (2006) showed that portfolio investment ‡ows to Asia are pushed by investors'appetite towards risk. Nonlinearities in the relationship between portfolio ‡ows and exchange rate dynamics have only been investigated in the paper by Menla Ali et al.
(2013) using constant transition probability Markov-switching speci…cations. However, they examine state-dependent linkages in the …rst moments for the US vis-à-vis the UK, Japan, the euro area, and Canada. By contrast, the present study considers di¤erent volatility regimes and provides evidence for emerging (instead of developed) economies.
The remainder of the paper is organised as follows. Section 2 outlines the econometric model. Section 3 describes the data. Section 4 discusses the empirical results, and …nally Section 5 o¤ers some concluding remarks.
The Model
We investigate the linkages between net equity and bond portfolio ‡ows and exchange rate volatility using a regime-switching model allowing for volatility shifts, i.e. for periods of both high and low exchange rate volatility. The speci…cation is the following:
where r t = (exchange rate changes), f" t g are i.i.d. errors with E(" t ) = 0 and E(" 2 t ) = 1, and fs t g are random variables in S = f1; 2g that indicate the unobserved state of the system at date t. Throughout, the regime indicators fs t g are assumed to form a Markov chain on S with a transition probability matrix P 0 = [p ij ] 2 2 , where:
and p i1 = 1 p i2 (i 2 S) ; with each column adding up to unity and all elements being non-negative. We also allow for a time-varying conditional mean ( (s t )) : To capture the dynamics of r t adequately autoregressive terms (up to 12 lags) are considered. Therefore, the parameters vector of the mean equation (1) is de…ned by the autoregressive terms
up to twelve lags; (i) (i = 1; 2) and (i) (i = 1; 2) ; which are real constants (where 1 stays for low and 2 for high). Net equity and bond portfolio ‡ows enter the model through the time-varying transition probabilities as in the speci…cation by Filardo (1994) . In particular, each conditional volatility (where (1) stands for low volatility and (2) for high volatility) follows a regime-shift process and the transition mechanism governing fs t g is given by:
where nbf t 1 and nef t 1 refer to net bond and net equity in ‡ows respectively. Note that, since p h t =nbf t 1 (p h t =nef t 1 ) has the same sign as 1 ( 2 ) ; 1 > 0 ( 2 > 0) implies that an increase in nbf t 1 (nef t 1 ) increases the probability of remaining in the state characterised by high exchange rate volatility. Similarly, 1 > 0 ( 2 > 0) implies that an increase in nbf t 1 (nef t 1 ) increases the probability of remaining in the state characterised by low exchange rate volatility. The maximum likelihood estimation is performed using the EM algorithm described by Hamilton (1989 Hamilton ( , 1990 .
For comparison purposes, the following linear model commonly used in the literature (e.g., Brooks et al., 2004; Hau and Rey, 2006; among others) is also estimated:
More details on the estimation are provided in Section 4.
Data
We examine the impact of net equity and bond portfolio ‡ows on exchange rate dynamics for the US vis-à-vis eight Asian developing and emerging countries, namely India, Indonesia, Hong Kong, South Korea, Pakistan, Philippines, Thailand, and Taiwan. China and Malaysia were excluded because their currencies were …xed vis-a-vis the US dollar for some time during the sample period considered. 1 Throughout, the US is treated as the domestic economy. We use monthly data on equity and bond portfolio ‡ows and period average exchange rates de…ned as US dollars per unit of foreign currency for the period 1993:01 to 2012:11. The data source for exchange rates is the IMF's International Financial Statistics (IFS), whilst portfolio ‡ows were obtained from the US Treasury International Capital (TIC) System. 2 As 1 China's exchange rate was …xed to the US dollar until 2005, whilst Malaysia pegged its currency to the US dollar for the period following the Asian …nancial crisis till the middle of 2005. 2 These data were retrieved from the US Treasury Department website: http://www.treasury.gov/resourcecenter/data-chart-center/tic/Pages/country-longterm.aspx pointed out by Edison and Warnock (2008) , the US TIC data have three main limitations. First, they only cover transactions involving US residents, i.e. they represent bilateral US portfolio in ‡ows and out ‡ows and do not include other cross-border portfolio ‡ows. Second, transactions taking place via third countries lead to a …nancial centre bias in the bilateral ‡ows data as they are recorded against the foreign intermediary rather than where the issuer of the foreign security resides. Third, …nancing of cross-border mergers through stock swaps makes the analysis of equity ‡ows rather di¢ cult. Despite these limitations, the TIC data have been widely used in the empirical literature because they are still informative about bilateral portfolio investments between the US and the rest of the world. Moreover, the latter two issues are likely to be trivial in the context of emerging and developing countries.
Log changes of exchange rates are calculated as r t = 100 (E t =E t 1 ); where E t is the log of the exchange rate at time t. Net portfolio ‡ows are constructed as the di¤erence between portfolio in ‡ows and out ‡ows. While in ‡ows are measured as net purchases and sales of domestic assets (equities and bonds) by foreign residents, out ‡ows are de…ned as net purchases and sales of foreign assets (equities and bonds) by domestic residents. Therefore, positive numbers indicate net equity and net bond portfolio in ‡ows towards the US or out ‡ows from the Asian countries. Following Brennan and Cao (1997), Hau and Rey (2006) , and Chaban (2009) among others, the ‡ows are normalised using their past 12-month average.
A wide range of descriptive statistics is presented in Table 1 . The mean monthly changes of exchange rates are negative, suggesting a US dollar appreciation against all Asian currencies over the sample period. The biggest one occurred vis-a-vis the Indonesian currency (-0.644), followed by the Pakistani one (-0.552), whilst the smallest occurred vis-a-vis the Hong Kong dollar (-0.001), the Taiwanese dollar (-0.056), and the Thai baht (-0.078). Net bond ‡ows are positive for all countries but Pakistan and the Philippines, the latter two experiencing bond in ‡ows vis-a-vis the US. On the contrary, net equity ‡ows are negative in all cases. Exchange rate volatility ranges from 0.10 for Hong Kong to 7.02 for Indonesia. The volatility of net bond ‡ows ranges instead from 10.14 (highest) for Pakistan to 1.12 (lowest) for Hong Kong, with the corresponding volatility for net equity ‡ows ranging from 2.09, 2.08, and 2.07 (highest) respectively for the Philippines, India, and Indonesia to 1.43 and 1.44 (lowest) for Thailand and South Korea respectively. All series exhibit strong skewness and excess kurtosis. Finally, the Jarque-Bera (JB) test statistics reject the null hypothesis of normality in all cases except that of net equity ‡ows in Thailand.
Empirical Results
First we report the estimates of the linear model, Eq. (3), where net (equity and bond) ‡ows are regressors in a standard OLS setting. The results, displayed in Tables 2 and 3 , indicate that neither has a statistically signi…cant e¤ect on exchange rate changes. The only exceptions are net bond ‡ows in the case of the Philippines and South Korea. This general pattern may suggest that the simple linear model fails to capture the relationship between ‡ows and exchange rates. In fact the residuals exhibit high heteroscedasticity, especially in the case of Indonesia, the Philippines and Thailand. The null hypothesis of linearity against the alternative of Markov regime-switching cannot be tested directly using a standard likelihood ratio (LR) test. Therefore we test for multi-ple equilibria (more than one regime) against linearity using Hansen (1992)'s standardised likelihood ratio test. Testing requires the evaluation of the likelihood function across a grid of di¤erent values for the transition probabilities and for each state-dependent parameter. 3 The standardised likelihood ratio statistics (Table 4) provide strong evidence in favour of a two-state Markov switching speci…cation. We also test for the presence of a third state, but this is rejected for all countries.
The maximum likelihood estimates are reported in Tables 5 and 6 . The standardised residuals show no sign of either linear or nonlinear dependence. The periods of high and low volatility seem to be identi…ed accurately by the smoothed probabilities. The Markov process is driven by switching in the variance rather than the mean. Statistically signi…cant low and high levels of the variances are identi…ed for all countries considered. The mean appears to be signi…cant only in the cases of Pakistan in both states, Hong Kong in the high volatility state, and Thailand in the low volatility state. Figures 1 to 8 show plots of exchange rate changes, r t ; the estimated smoothed probabilities (SP), net bond ‡ows, nbf t , net equity ‡ows, nef t , and the time-varying transition probabilities (TVTP) for India, Indonesia, South Korea, Pakistan, Hong Kong, the Philippines, Thailand, and Taiwan, respectively.
The Furthermore, the time-varying transition probabilities suggest that net equity and net bond portfolio in ‡ows drive the switches between the two states for a selected number of countries. In particular, the estimated value of 1 is positive in the case of Indonesia and negative in the case of Pakistan and the Philippines. This implies that net bond in ‡ows result in an increase in the probability of staying in the high volatility regime in Indonesia, and an increase in the probability of switching from the high to the low volatility regime in Pakistan and the Philippines. Also, the positive and signi…cant value of 1 in the case of Thailand suggests that net bond in ‡ows from Thailand towards the US increase the probability of remaining in the low volatility regime.
The estimated value of 2 is instead positive and signi…cant only in India, which indicates that net equity in ‡ows from India towards the US lead to an increase in the probability of staying in the high volatility regime. This …nding is also supported by the estimate of 2 , which is negative and signi…cant. This also holds for Indonesia, South Korea, Hong Kong and Taiwan, which suggests that net equity in ‡ows from these countries towards the US lead to a decrease in the probability of remaining in the low volatility state.
Conclusions
In this paper we have investigated the e¤ects of equity and bond portfolio in ‡ows on exchange rate volatility, using monthly bilateral data for the US vis-a-vis eight Asian developing and emerging countries, namely India, Indonesia, South Korea, Pakistan, Hong Kong, Thailand, the Philippines, and Taiwan over the period 1993:01-2012:11. A time-varying transition probability Markov-switching speci…cation has been employed to model the volatility of exchange rates as well as the switching between high and low volatility regimes as a function of stochastic information arrivals in the form of simple portfolio (bond and equity) shifts.
The empirical results suggest that net equity and bond portfolio in ‡ows a¤ect signi…cantly the transition probabilities and the switches from high to low volatility states. In brief, net equity (bond) in ‡ows drive the exchange rate to the high (low) volatility state. Speci…cally, net bond in ‡ows increase the probability of remaining in the low volatility state in the case of Pakistan, Thailand, and the Philippines, whilst they increase the probability of staying in the high volatility state in the case of Indonesia. Finally, net equity in ‡ows from India, Indonesia, South Korea, Hong Kong, and Taiwan towards the US also increase the probability of staying in the high volatility state.
The impact of equity ‡ows can be plausibly interpreted in terms of the "return-chasing" hypothesis of Bohn and Tesar (1996) , according to which investors tend to move to markets where returns are expected to be high, which leads to more volatile exchange rates. The empirical validity of this hypothesis has also been con…rmed by Bekaert et al. (2003) , who found, using data from twenty emerging countries, that positive return shocks lead to an increase in short-term equity ‡ows. As for net bond ‡ows, cross-border bond acquisitions are usually driven by changes in bond yields, which, in turn, drive exchange rate movements. Finally, our …ndings have important policy implications: since it appears that net equity and bond protfolio ‡ows a¤ect exchange rate volatility, credit controls imposed on them could be an e¤ective tool for policy-makers and …nancial regulators aiming to stabilise the foreign exchange market. Exchange rate changes (r t ), smoothed probabilities (SP), net bond ‡ows (nbf t ), net equity ‡ows (nef t ), and time-varying transition probabilities (TVTP) for Thailand. Figure 8 : Exchange rate changes (r t ), smoothed probabilities (SP), net bond ‡ows (nbf t ), net equity ‡ows (nef t ), and time-varying transition probabilities (TVTP) for Taiwan.
